A sex pheromone component of the Japanese mealybug, Planococcus kraunhiae, was isolated and identified. A crude extract of the pheromone obtained by airborne collection was first fractionated with Florisil column chromatography. The activity of each fractionated sample was examined in Petri dishes. The active fraction was further purified by HPLC and an active component was isolated by preparative GC. The purified compound showed attraction activity to adult males of P. kraunhiae in the field. The chemical structure was determined to be 2-isopropyliden-5-methyl-4-hexen-1-yl butyrate by GC-MS and NMR analyses.
INTRODUCTION
The Japanese mealybug, Planococcus kraunhiae (Kuwana) is distributed in Japan, China, Eritrea and North America (Kawai, 1980) . It is known to be a euryphagous pest of fruit trees, such as pear, citrus, grape and persimmon (Kawai, 1980) . On persimmon and fig, the mealybug produces 3 generations per year and in Japan over-winters at the second larva stage (Ueno, 1977; Shibao and Tanaka, 2000) . It induces cosmetic damage by causing sooty mold on the surface of fruits and leaves (Ueno, 1963; Oomasa, 1990) . Recently, it has persistently appeared on fruit trees and has been causing serious damage. This resurgence might be due to the decrease in the numbers of mealybug natural enemies through spraying synthetic pyrethroid insecticides against pests such as stink bugs, aphids and the citrus leafminer, Phyllocnistis citrella Stainton (Oomasa, 1990) . The cultivation of fruit trees requires the use of insecticides to control pests; however, this pest tends to inhabit the shady parts of trees, and it is difficult to monitor them by visual inspection when their density is low; therefore, attempts to control this pest are often conducted only after its damage becomes noticeable. It is expected that the sex pheromone of P. kraunhiae will help to realize a more efficient and exact monitoring system of the mealybug, such as that used for California red scale, Aonidiella aurantii (Gardner et al., 1983) . The present paper reports the isolation and identification of the sex pheromone component of P. kraunhiae.
MATERIALS AND METHODS
Rearing method. The P. kraunhiae used in the experiments were collected in greenhouses of the Fukuoka Agricultural Research Center in Fukuoka Prefecture, and were reared on Japanese pumpkins (Arai, 2000) or on germinated broad bean seeds (Narai and Murai, 2002) .
Separation method of males and females. Eggs of P. kraunhiae were collected every 2 or 3 days from about 300 females. At 24Ϯ2°C under a photoperiod of 16L : 8D, they were reared on gerIdentification of a sex pheromone component of the Japanese mealybug, Planococcus kraunhiae (Kuwana) minated broad bean seeds whose seed coats were peeled. The seeds were cut into quarters and placed in tight plastic boxes (23.5ϫ16.5 cm, 4.4 cm deep). The lids of the boxes each had a hole (3.5 cm diameter) covered with 60 mesh for ventilation. The humidity in the box was controlled by covering part of the hole using sticky tape. Mealybugs reared for 28 days after egg collection on germinated broad bean seeds were placed on corrugated paper (16.0ϫ11.0 cm, 2.0 cm thick) whose holes opened in the direction of the thickness. The corrugated paper was put on filter paper folded several times and placed on three pieces of 1/12 of a Japanese pumpkin. This was then set in a plastic container (32ϫ22 cm, 6 cm deep) without a lid and kept at 24Ϯ2°C under a photoperiod of 16L : 8D and 45Ϯ10% r.h. After 3 or 4 days, a number of female nymphs (50-60%) moved from the germinated broad bean seeds to the pumpkins. On the other hand, most male nymphs (more than 94%) pupated on the seeds, corrugated paper and filter paper. The pumpkins containing female nymphs were placed in a jar to collect volatiles. The cocoons on germinated broad bean seeds were kept in the tight plastic boxes for bioassay. When adult males or cocoons were found on the pumpkins, they were removed immediately.
The germinated broad bean seeds and Japanese pumpkins were treated for 30 min in water-diluted iprodione (Nissan Chemical Industries, Ltd., Tokyo, Japan) solution (0.3%). After drying their surfaces under room conditions, the seeds were preserved at 3.5°C until rearing.
Collection of volatiles. Airborne volatile collection apparatus was used to collect volatiles from the female at 24Ϯ2°C under a photoperiod of 16L : 8D. Pumpkins infested with 500-10,000 virgin females of P. kraunhiae were placed in a 12 L plastic jar or a 14 L glass jar. Ambient air cleaned by activated charcoal (200 g) was flowed continuously over the virgin females on pumpkins and then passed through adsorbent (1.5 g Tenax TA, 20-35 mesh, Enka Research Institite, Arnhem, Netherlands) in a glass tube (inside diameter 11.5 mm, length 125 mm) using a vacuum pump (40 L/min) continuously for 2-4 days. Volatiles were extracted from the adsorbent using 40 ml hexane. Volatiles from a swarm of virgin females were collected for at least two weeks. Volatiles of mealybugs were concentrated using an evaporator at room temperature and kept at 5°C in a refrigerator until use.
Chemicals. All chemicals were purchased from Wako Pure Chemical Industries (Osaka, Japan) unless otherwise stated.
Liquid chromatography (LC). Column chromatography was carried out using Florisil (30 g, containing 7% water, 100/200 mesh) by the classseparating method for lipids (Carroll, 1961) . The column was successively eluted with 50 ml of hexane, 120 ml of 5% ether in hexane, and 150 ml each of 15, 25 and 50% ether in hexane. High performance liquid chromatography (HPLC) was carried out using a Hewlett-Packard (HP) series 1050 (Avondale, PA, USA) equipped with a silica gel column (Inertsil SIL, 5 mm, 4.6 mm I.D.ϫ250 mm, GL Science Inc., Tokyo, Japan). The solvent for elution was 3% ether in hexane at a flow rate of 1 ml/min and the eluate was monitored by a UV detector (HP series 1050) at 220 nm.
Gas chromatography (GC). Gas chromatography was carried out using a system (6890N, Agilent Technologies Inc., Wilmington, DE, USA) equipped with preparative fraction collection (Gerstel GmbH & Co. KG, Mulheim an der Ruhr, Germany) using a TC-FFAP column (0.53 mm I.D.ϫ 15 m, 1 mm film thickness, GL Science Inc.) and a TC-1 column (0.53 mm I.D.ϫ15 m, 1.5 mm film thickness, GL Science Inc.). GC was carried out using a temperature program of 50°C for 1 min with an increase to 180°C at 8°C/min for the TC-FFAP column and a temperature program of 50°C for 1 min with an increase to 230°C at 15°C/min for the TC-1 column. Helium was used as a carrier gas at a flow rate of 5 ml/min. Kovats indices were obtained using a DB-Wax column (0.25 mm I.D.ϫ30 m, 0.25 mm film thickness, Agilent Technologies Inc.) under a temperature program of 60°C for 1 min with an increase to 210°C at 8°C/min and a TC-1 column (0.25 mm I.D.ϫ15 m, 0.25 mm film thickness, GL Science Inc.) under a temperature program of 60°C for 1 min with an increase to 240°C at 8°C/min.
Gas chromatography-mass spectrometry (GC-MS). A gas chromatograph-mass spectrometer (JEOL SX-102A, JEOL, Tokyo, Japan) was used. The temperatures of the GC-interface and the ion source were 210 and 220°C, respectively. A capillary column (FFAP, 0.25 mm I.D.ϫ30 mϫ 0.25 mm, GL Science Inc.) was used under a programmed oven temperature condition that was kept at 50°C for 1 min and increased to 210°C at a rate of 7°C/min. Helium was used as a carrier gas at a flow rate of 1 m/min. Mass spectra in electron impact (EI) mode was obtained at 70 eV. Isobutane was used as a reagent gas in the chemical ionization (CI) mode.
Nuclear magnetic resonance (NMR) analyses. NMR spectra were obtained with a JEOL A600 NMR (JEOL, 1 H-NMR, 600 MHz, 13 C-NMR, 150 MHz). C 6 D 6 was used as the solvent (duteride ratio min. 99.6%, EURISO-TOP, France).
Hydrogenation. A 3% hydrazine ethanol solution and 0.1% hydrogen peroxide ethanol solution was added to a sample. After incubation overnight at 60°C, the reaction was stopped by adding 2 N hydrochloric acid, and the solution was extracted using ether.
Hydrolysis and esterification. A sample was concentrated using a N 2 gas flow, and 0.5 N potassium hydroxide solution was then added. The reaction mixture was held overnight at room temperature and then extracted using hexane.
Esterification was carried out using butyryl chloride. The reaction mixture was held overnight at room temperature and then extracted using hexane.
Compound A. 2-Isopropenyl-5-methyl-4-hexen-1-ol (1.5 g) (as this compound is a well-known aroma chemical known as lavandulol, this name is used in this article) (Fluka Chemie, St Louis, MO, USA) and butyryl chloride (1.1 g) were mixed and held overnight at room temperature. The reaction mixture was extracted with hexane after adding saturated NaHCO 3 solution. The extract was purified using an HPLC with a column (250ϫ4.6 mm, Nucleosil 5SA, GL Science Inc.) loaded with Ag ions (van Beek and Subrtova, 1995) . The column was eluted with 20% ether in hexane at a flow rate of 1 ml/min. The eluate was monitored by a UV detector at 220 nm. Compound A was eluted between 7-9 min. Bioassay in Petri dishes. The activity of each sample was assayed using the method reported by Arai (2000) in a Petri dish (9 cm diameter, 2 cm high). Adult males (9-20) were released into a plastic Petri dish. The test sample or solvent (hexane) was deposited on filter paper (1 cm 2 ) (Toyo Roshi Co. Ltd., No. 1, Tokyo, Japan). In the purification process of a sex pheromone component, 0.5 female day equivalents (hereinafter FDE) of a fractionated sample was used. When males ceased moving (10 min later), the number of males captured was counted. Experiments were replicated at least 3 times for each sample.
Bioassay in the field. The attractiveness of the sample to adult males was tested using a white sticky board trap (Arai, 2000) in a field of the Fukuoka Agricultural Research Center in Fukuoka prefecture. Each 1-10 mg of the isolated compound and compound A was applied to a gray rubber septa (8 mm O.D., West Co., Singapore). The lure was attached to the center of a sticky board trap (9ϫ20 cm). These traps were placed about 1 m above the ground in a row, and 1 m apart from each other. Tests were conducted from July 22 to July 30 and Aug. 23 to Sep. 21 in 2005.
RESULTS AND DISCUSSION

Isolation
Volatiles of 1,800,000 FDE of the sex pheromone of P. kraunhiae were collected. The crude extract was fractionated by column chromatography on Florisil. The 5% ether in hexane fraction showed the strongest activity (Table 1) ; therefore, this fraction was further fractionated by HPLC. The strongest activity was eluted between 10.0-11.5 min (Fig. 1, Table 1 ). This fraction was further purified by preparative GC using a TC-1 column. Activity was observed at a fraction eluted between 10.1-10.25 min (Fig. 2, Table 1 ). This GC fraction was further fractionated with preparative GC using a TC-FFAP column, and activity was shown in a fraction eluted between 13-14 min (Fig. 3 , Table  1 ). As this fraction has only one peak on the GC column, a pheromone component was thought to be isolated; hereafter, the pheromone component is described as the isolated compound.
The amount of the isolated compound in 1 FDE was calculated as 3 ng. The Kovats indices of the isolated compound were 1813 (DB Wax) and 1484 (TC-1). In order to confirm that the isolated compound is a pheromone component, bioassays were carried out in a Petri dish and in the field. The isolated compound showed attraction activity (Tables 2 and  3 ) and the isolated compound was confirmed to be a pheromone component. (Fig. 4) ϩ (18%) and 93 [C 7 H 9 ] ϩ (31%). This mass spectrum was similar to that of lavandulol but the retention time was different. When the hydrolyzed product was converted to an ester of butyric acid, the product showed the same mass spectrum and retention time as those of the isolated compound; therefore, the isolated compound was estimated to an ester of butyric acid. The lavandulyl ester of butyric acid showed a mass spectrum similar to that of the isolated compound but the retention time was different. When the isolated component was hydrogenated, a product peak was observed at t R ϭ10.45 min by GC-MS analysis. The 372 H. SUGIE et al. ϩ (100%). This spectrum fit well with that of the hydrogenated product of the lavandulyl ester of butyric acid, and the retention times of the two hydrogenated products were almost the same; therefore, the structure of the hydrogenated product of the isolate compound was expected to be the same as 373 Sex Pheromone of the Japanese Mealybug Fig. 2 . GC chromatogram of the 10-11.5 min fraction from HPLC. A TC-1 column was used and 4 fractions were obtained by this preparative GC. that of the hydrogenated product of lavandulyl ester of butyric acid, 2-isopropyl-5-methylhexyl butyrate.
Gas chromatography-mass spectrometry
Nuclear magnetic resonance analyses of the isolated compound
The 1 H NMR spectrum of the isolated compound was as follows: (Fig. 5) .
As four singlet signals of CH 3 were observed in this spectrum, the positions of two C--C bonds in the structure were determined conclusively. From all the chemical data, the chemical structure of the isolated compound was estimated to be 2-isopropyliden-5-methyl-4-hexen-1-yl butyrate.
Chemical structure of compound A
Compound A, which has the same retention time and mass spectrum as the isolated compound, was found in the reaction mixture obtained by esterification of lavandulol with butyric acid. 1 H and 13 C NMR spectra of the compound A was as followed: d H : 5.15 (1H, m, H-4), 4.73 (2H, s, H-1), 2.90 (2H, d, Jϭ6.6 Hz, H-3), 2.11 (2H, t, Jϭ6.9 Hz, H-2Ј), 1.643 (3H, s, H-7), 1.635 (3H, s, H-9), 1.62 (3H, s, H-6), 1.557 (3H, s, H-10), 1.556 (2H, m, H-3Ј), 0.79 (3H, t, Jϭ7.0 Hz, H-4Ј) (Fig. 5) ; d C : 172.9 (C-1Ј), 132.1 (C-2), 131.7 (C-5), 127.9 (C-8), 123.0 (C-4), 63.5 (C-1), 36.3 (C-2Ј), 30.2 (C-3), 25.8 (C-7), 20.5 (C-10), 20.4 (C-9), 18.8 (C-3Ј), 17.7 (C-6), 13.7 (C-4Ј). The 1 H-NMR spectrum of compound A was almost the same as that of the isolated compound (Fig. 5) . Based on 1 H-1 H, 1 H-13 C-COSY and HMBC spectra, each signal was assigned. C-1Ј was coupled with H-1 (HMBC), and then the existence of a fragment of CH 2 OCOC 3 H 7 was estimated (Fig.  6 ). In addition, the existence of a fragment of C-6-(C-7-)C-5--C-4-C-3 and a fragment of C-9-(C-10-)C-8--C-2 were estimated (Fig. 6) . The connection of both C-1 and C-3 with C-2 was also shown by HMBC analyses (Fig. 6) ; therefore, the chemical structure of compound A was confirmed to be 2-isopropyliden-5-methyl-4-hexen-1-yl butyrate (Fig. 6) .
Comparison of the attraction activity of the isolated compound with compound A
The attraction activity of the isolated component was compared with that of the compound A (Tables 2 and 3). The attraction activity of the two compounds was shown to be almost the same (Tables 2 and 3). The attraction activity of compound A, which has the estimated chemical structure of the isolated compound, was confirmed; therefore, the chemical structure of the sex pheromone component of P. kraunhiae was concluded to be 2-isopropyliden-5-methyl-4-hexen-1-yl butyrate.
The sex pheromone of Coccoidea has so far been identified in five species of armored scales, the family Diaspididae (Roelofs et al., 1977; Gieselmann et al., 1979a, b; Heath et al., 1979; Einhorn et al., 1998) , four species of mealybug, Pseudococcidae (Bierl-Leonhardt et al., 1980 , 1981 Negishi et al., 1980; Hinkens et al., 2001; Arai et al., 2003; Zhang et al., 2004) , and five species of the genus Matsucoccus, Margarodidae (Lanier et al., 1989; Einhorn Fig. 5 .
1 H NMR spectra of the isolated compound and compound A. Solvent, C 6 D 6 . et al., 1990; Dunkelblum et al., 1993) . One of the pheromone components of Maconellicoccus hirsutus is reported to be lavandulyl 2-methylbutanoate. The alcohol parts of the sex pheromones of Planococcus citri and Pseudococcus cryptus are (3-isopropenyl-2,2-dimethylcyclobutyl)methanol and that of another component of M. hirsutus is (3-isopropyden-2,2-dimethylcyclobutyl)methanol. When the rings were opened, the products and lavandulol shared structural similarities with the alcohol parts of P. kraunhiae.
